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Abstract

Hypatia is an energy system modeling framework built in Python, aiming to address the complex challenges associated with optimizing operational dispatchability and long-term planning aspects of energy systems. This framework provides an advanced tool
for decision-makers and researchers to explore different policy-driven scenarios for energy transitions, utilizing multi-objective optimization or near-optimal solutions to explore the entire spectrum of solutions based on optimizing net present cost or
emissions. With its open-source nature, Hypatia offers a customizable solution for analyzing diverse energy transition possibilities, making it highly valuable for those interested in analyzing and shaping the future of energy systems.
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Hypatia harnesses the flexibility of
Python to address energy
optimization through different
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This method employs a two-stage optimization approach to Pareto optimal Front
The process entails sequential steps to set baselines, determine extremes, and form the
Multi-Objective , with Min NPC and Min CO2 representing the extremes of cost and emission minimization. The
Optimization iterative optimization enables to transform the multi-objective optimization into several single-objective
ones. -
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$) €=—P The Pareto frontiers reveal that initial reductions in CO2 emissions involve minor increases in NPC,
while deeper emission cuts lead to significant NPC rises, driven by the adoption of less cost-effective,
low-emission technologies.
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Near-to-optimal Solutions
Modelling for generating Alternative (MGA)

Multi-Scenario Exploration

Multi-Scenario exploration in Hypatia arises from its diverse modes, empowering
modelers to construct and analyze scenarios comprehensively. This feature facilitates
exploration of various solutions, such as integrating CCUS technologies, enabling
simulation of multiple distinct scenarios for technology adoption. By leveraging the
available range specified by the modeler within a single optimization run, Hypatia
enables the generation of a spectrum of scenarios, enhancing decision-making and
strategy development

The methodology enables the generation of diverse
alternatives by mapping the region between the optimal Pareto Front
Pareto Front and sub-optimal solutions.
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